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STATUS OF TANK 241-SY-101 
DATA ANALYSES 

· R. P. Anantatmula 

ABSTRACT 

The Waste Tank Flammable Gas Stabilization Program was established in 

1990 to provide for resolution of a major safety is.sue identified for 23 of 

the high-level waste tanks at the Hanford Site. The safety issue involves the 

production, accumulation, and periodic release from these tanks of flammable 

gases in concentrations exceeding the lower flammability limits. This 

document deals primarily with tank 241-SY-101 from the SY Tank Farm. The 

o flammable gas condition has existed for this tank since the tank was first 

filled in the time period from 1977 to 1980. During a general review of waste 

tank chemical stability in 1988-1989, this situation was re-examined and, in 
' 

M 

March 1990, the condition was declared to be an unreviewed safety question. 

Tank 241-SY-101 was placed under special operating restrictions, and a program 
•·· 

of investigation was begun to evaluate the condition and determine appropriate 

courses of action. This report summarizes the data that have become available 

on tank 241-SY-101 since it was declared as an unreviewed safety question and 

updates the information reported in an earlier document (WHC-EP-0517). The 

report provides a technical basis for use in the evaluation of safety risks of 

the tank and subsequent resolution of the unreviewed safety question. 
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STATUS OF TANK 241-SY-101 
DATA ANALYSES 

1.0 INTRODUCTION 

The Waste Tank Flammable Gas Stabilization (WTFGS) Program was 
established in 1990 to provide for resolution of a major safety issue 
identified for 23 of the high-level waste tanks at the Hanford Site. The 
safety issue involves the production, accumulation, and periodic release from 
these tanks of flammable gases in concentrations exceeding the lower 
flammability limits. Two of these tanks, viz., 241-SY-101 and 241-SY-103, are 
in the SY Tank Farm and tank 241-SY-101 (known as 101-SY) is the highest 
priority tank for the WTFGS program. · This document deals primarily with this 
tank from the SY Tank Farm. This condition has existed since tank 101-SY was 
first filled in the time period from 1977 to 1980. In the course of a general 
review of waste tank chemical stability in 1998 to 1989, this situation was 
re-examined and, in March 1990, the condition was declared to be an unreviewed 
safety question (USQ). 

The gases generated in tank 101-SY include hydrogen and nitrous oxide, 
which constitute a flammable mixture even in the absence of air. It is the 
combined presence of.the nitrous oxide (oxidizer) and hydrogen that led to the 
designation of the USQ for tank 101-SY. The resolution of USQ requires the 
establishment of a valid safety envelope for the tank. This may involve the 
preparation of a free-standing safety evaluation including Operation Safety 
Requirements (OSR) for the SY Tank Farm. · 

Waste tank 101-SY is also identified as one of the tanks requiring 
special attention and restriction under Section 3137, Safety Measures for 
Waste Tanks at Hanford Nuclear Reservation, of Public Law 101-510 
(November 1990). 

Tank 101-SY was placed under special operating restiictions, and a 
program of investigation was begun to evaluate the condition and determine 
appropriate courses of action, 

This report summarizes the data that have become available on tank 101-SY 
since it was declared as a USQ. The objective of this report is to provide a 
technical basis for use in the evaluation of safety risks of the tank and 
subsequent resolution of the USQ. 

This report fulfills the requirement of Mil~stone 2011 of the fiscal -
year 1992 WTFGS Program. 

·_. 1::-1 
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2.0 DESCRIPTION AND OPERATION OF 
TANK 241-SY-101 

2.1 DESCRIPTION OF TANK 241-SY-101 

The double-shell tanks (DST} are located in the 200 East and 200-West 
Areas at the Hanford Site. The 241-SY (three tanks} Tank Farm is located in 
the 200 West Area while the 241-AN (seven tanks}, -AP (eight tanks}, -AW (six 
tanks}, -AV (two tanks}, and -AZ (two tanks} Tank Farms are located in the 
200 East Area. The DSTs are designed and constructed to minimize the 
potential for leakage of radioactive liquids to the environment. The DSTs are 
similar in design with minor differences in operability. The SY Tank Farm 
design criteria are summarized in Table 2-1. 

Each DST consists of three concentric structures as indicated in 
Figure 2-1. The outer tank structure is a reinforced concrete tank designed 
to sustain soil loading, dead loads, live loads, and temperature gradients. 
The reinforced concrete tank is lined with a carbon steel liner referred to as 
the secondary steel tank. The inner carbon steel tank is referred to as the 
primary tank. An annular space separates the two steel tanks. The primary 
tank is designed to contain the radioactive waste materials. The secondary 
tank can contain- any liquid leakage from the primary tank. 

The primary tank is 75 ft in diameter and approximately 46 ft high at the 
dome crown. The maximum content height is approximately 35 ft. The carbon 
steel in the bottom of the tank ranges from 1/2 in. to 1 in. in thickness. 
The knuckle (the transition for the tank floor to tank wall} is a 7/8-in. 
plate. The primary tank wall thickness ranges from 1/2 in .. to 3/4 in. and 
dome is 3/8-in. thick. 

The secondary steel tank lines the reinforced concrete tank and extends 
to the primary tank dome. The secondary tank is 80 ft in diameter and varies 
in thickness from 3/8-in. to 1/2-in. plate. A 2-1/2-ft annular space betw~en 
the primary and secondary tanks allows for installation of leak detection 
devices; and inspection equipment such as periscopes, television an~ 
photographic cameras; ventilation air supply; and exhaust piping and equipment 
for pumping liquid from the annular space. 

The reinforced concrete structure is designed to withstand the most 
severe cumulative effect of operating and natural forces, including a breach 
of the primary tank with the resulting loads on the secondary steel tank and 
reinforced concrete structure. 

An 8-in. slab of insulating concrete is sandwiched between the primary 
and secondary tank bottoms (refer to Figure 2-l}. This slab provides 
protection for the reinforced concrete foundation from the heat generated 
inside the primary tanks. Slots in the insulating concrete route any leakage 
from the tank bottom to the annulus for collection and removal. 

2-1 
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Table 2-1. SY Tank Farm Design Criteria. 
Nunber of tanks 3 

Liquid storage capacity 1.14 x 106 gal/tank 

Primary tank diameter 75 ft 

Secondary tank diameter 80 ft 

Earth cover (backfill) 6.5 ft 

Live loading on backfill over tank 100 lb/ft2 uniform plus 50 tons concentrated load 

Internal vacuum -5 in. w.g. maximum 

Internal pressure 60 in. w.g. 

Waste characteristics 

Teq,erature 350 °F, maximum* 

Heat generation rate 40,000 Btu/h/tank maximum 

pH 8 to 14 

Specific gravity 1. 7 maximum 

Seismic acceleration 0.25 horizontal 
0.17 vertical 

Wind loads Uniform building code 

Design life 50 yr 

Tank wall teq,erature 250 °F maximum 

Primary tank construction material ASTM - A 515 grade 60, carbon steel 

Secondary tank con~truction material ASTM A 515 grade 60, carbon steel 

Outer tank material Reinforced concrete 

Process piping American National Standards Institute ,., 
B-31.1 criteria 
0.25X slope minimum 2 pressure: 400 lb/in. (gauge) 
heat traced 
encased 

Annulus ventilation system 700 ft3tmin, maximum 
double high-efficiency particulate air (HEPA) filtered 
stack monitor/sampler 

Primary ventilation system 1,000, maximum 
double HEPA filtered 
stack monitor/saq:,ler 

Air-lift circulators Not applicable 

Radiation exposure Adequ~te shielding from coverblocks and earth cover 

1. ARH-2930, Functional Design Criteria - Saltcake Storage Facilities - 241-SY Tank Farm, 
K. H. Tanaka (November 19, 1973.) 

2. SD-RE-Tl-008, Compilation of Basis Letters Referenced in 241-AN, -AW, -AY, -AZ and 
-SY Process Specifications, T. J. Venetz (January 27, 1982.) 

*The tanks were analyzed for st~uctural effects of thermal cycling and liquid level cycling. 
Even though wastes may enter the tanks up to 350 °F, their teq,erature will fall quickly to less than 
the maximum tank wall teq>erature of 250 °F by heat conduction and dilution. 
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Each of the DSTs contain approximately 60 to 65 risers in the primary 
tank and annulus for monitoring and processing activities. A sample of a 
riser arrangement is shown in Figure 2-2 for tank 101-SY. The primary tank 
risers are used to measure liquid level, sludge level, temperature, and 
pressure. Risers also are used as observation ports. 

Annulus risers are required for annulus pump out, ventilation air inlets 
and outlets, leak detection, annulus inspection, and construction access. All 
risers terminating above grade are located to permit crane access to process 
pits. 

Primary Ventilation System 

The ventilation system for each tank farm (refer to Figure 2-3} consists 
of two separate systems: (1) the primary tank system and (2) the annulus 

. system. During normal operation, the primary ventilation system maintains a 
vacuum in the primary tank and prevents contamination spread. 

Each primary ventilation system typically consists of a deentrainment pad 
to remove moisture; a heater to prevent condensation of the filters; a 
prefilter; two high-efficiency particulate air (HEPA) filters in series; a 
fan; and an exhaust stack with a flow measuring device, record sampler, and 
continuous. air m_onitor (CAM). · •. 

Loss of power to the ventilation system shuts down the exhaust fans and 
monitoring equipment. During a loss of power, the tank vapor space pressure 
will equalize with atmospheric pressure in a process called breathing. 
Airflow during tank breathing will take the path of least resistance. Loss of 
instrument air to the tank farm causes the loss of vapor space pressure 
transmitters and associated alarms. · 

Annulus Ventilation System 

The annulus ventilation system has three functions: (1) cools the tanks, 
(2) minimizes moisture condensation in the annular space, and (3) serves as a 
method of detecting leakage of radioactive waste from the primary tank. 
An air ~nlet unit to each tank annulus ventilation system has a prefilter, a 
HEPA filter, and a manual butterfly valve. Outside air is drawn through the 
filters into pipes that extend into the tank annulus through risers and that 
are embedded in the insulating ~oncrete. The air is discharged from the pipes 
into a plenum in the center of the insul~ting concrete. From the center of 
the insulating concrete, air flows radi~lly outward to the annulus air slots 
in the insulating concrete, and is drawn out of the annulus the annulus 
exhaust fans. 

Instrumentation and Alarm Systems 

Instrumentation and alarm systems for each tank monitor operating 
parameters such as liquid level, temperature, leak detection, pressure, and 
area radiation levels (refer to Figure 2-4). All readouts are obtained at an 
instrument building in each tank farm and/or a nearby continuously manned 
facility. 
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Each tank is equipped with an automatic liquid-level gauge (LIT/FIC) and 
backup manual tape (LIT}. The gauge is located on a primary riser and 
consists of a plummet suspended on a tape, a tape re~l, a sight glass, a 
control box, an air purge, and the water-flush sprays. In automatic 
operation, the plummet position is adjusted periodically to provide electrical 
continuity between the plummet and the liquid surface. The tape reading·is 
converted automatically to an electrical signal for remote readout. The 
manual tape consists of a metal tape with a steel plummet that extends into 
the tank and a reel at the riser top. The liquid level is detected by 
electrical conductivity when the plummet contacts the surface. A radar 
surface level gauge, described later, has been added to tank 241-SY-101. 

Sludge level detectors are installea to monitor the level of the solids 
in the tanks. The device consists of a weight suspended by a predetermined 
length of cable from a capped riser. Readings are taken manually by attaching 
a calibrated tape to the sludge weight cable, lowering the weight to the 
solids surface and reading the calibrated tape. 

Each tank is equipped with approximately 100 thermocouples for monitoring 
temperatures throughout the concrete portion of the tank structure. A single 
probe containing 18 thermocouples is used to monitor waste temperatures at 
various levels in the primary tank. The thermocouples read out to the tank 
farm instrument building and the Computer Automated Surveillance System (CASS) --· 
monitoring room-.· 

In addition to the leak detection provided by radiation monitors and 
conductivity probes, liquid level boxes are installed in the annulus. 
Conductivity probes consist of a vertical tree of conductivity elements. 
Conductivity probes also are installed in the process pits and encasements. 
These areas normally are dry. The presence of liquid would activate the probe "" 
to indicate a leak and sound an alarm in the instrument building. 

Leak detection wells collect leakage from the annulus. The liquid level -~ 
in each leak detection well is monitored using specific gravity and weight­
factor detectors and associated instruments. A radiation detection element is 
installed adjacent to each leak detection well to monitor radiation levels in 
the wells. A thermocouple is installed near the bottom of each well to 
monitor the temperature of the liquid in the well. 

2.2 OPERATION OF TANK 241-SY-101 

Construction on tank 241-SY-101 was completed in 1976. The first waste 
·put into the tank was from the first double-shell slurry (DSS) campaign using 
the 242-S Evaporator in 1977. Double-shell slurry is the most concentrated 
material that the evaporators can pro·duce. The degree of evaporat.ton is . · 
limited only by the pumpability of the slurry. One hundred inches of this 
material was pumped into tank 241-SY-101. 

From 1977 to 1980, the tank received complexed concentrate waste, which 
was placed in the tank at three different times. A total of 203 in. of 
complexed concentrate waste was placed on top of the heavier DSS. Complexed 
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concentrate is a waste from the cesium/strontium recovery process in B Plant. 
It is riclt in complexants such as ethylenediaminetetraacetic acid (EDTA), 
N-hydroxyethylethylenediaminetriacetic acid· (HEDTA), citric acid, and 
hydroxyacetic acid (H0AcOH). 

The lastmaterial put into tank 241-SV-101 was from another campaign of 
DSS in the fall of 1980. Water totaling 8,000 gal was added to the tank 
between September 1984 and May 1988 during water-lancing operations. 

The volume of waste in tank 241-SV-101 was first noted to increase in 
1977 after the first DSS was put into the tank~ This phenomenon was termed 
slurry growth. After the last DSS campaign, the waste continued to grow and 
then dropped several inches, releasing gas. This cyclic growth and subsequent 
drop has continued~ · 

Early laboratory studies simulated the growth behavior using synthetic 
waste containing the complexants EDTA and HEDTA1 as sources of organic 
carbon, and subsequently found the growth of waste volume in complexant-laden 
Hanford Site waste slurry to be due to gas generation caused by the oxidative 
degradation of the complexant HEDTA. The complexant EDTA was found to:;be 
stable in this slurry. The degradation proceeds according to first order 
kinetics in both NaAlOi and HEDTA concentration and requires nitrate and/or 
nitrite to proceed. The reaction products include several gaseous species, 
principally N2 , · N20, and H2 • · 

Figures 2-5 and 2-~ show the cycling of the surface level of the iank 
during the operating history. Water and air lancing were used for a number of 
years in an attempt to control the gas releases in the tank. Lancing ~as 
stopped in 1989 when the surface level reached 423 in. This was greater than 
the 422-in. oper~ting spetification, which is used to .prevent overfilling the 
tank. ·· 

External sampling. of gases from tank 241-SV-101 was initiated in early 
1990. In addition to hydrogen, analyses of the vapor samples since 1990 
indicated the presence of nitrous oxide and nitrogen and small quantitfes of 
ammonia and other gases. · · · 

1EDTA: ethylenediaminetetraacetic acid, tetrasodi,um salt. HEDTA: 
N(2-hydroxyethyl) ethylenedi~minetriacetic acid, tri-sodium salt. 
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3.0 MONITORED DATA PARAMETERS AND METHOPS 

Several types of data are currently being monitored in tank 101-SY. Some 
parameters are measured by more than one method. The monitored data are the 
following: 

• Surface-level measurements 
• Temperature measurements 
• Evolved gas composition 
• Tank pressure 
• Ventilation flow rate 
• Relative humidity 
• Acoustic noise 
• Video images. 

3.1 SURFACE-LEVEL MEASUREMENTS 

·The original purpose of measuring the surface level in the tank was to 
monitor for waste tank leakage and to verify when the tank was filled to the 
upper limit. Leakage would be indicated by a drop in surface level. In 
tank 101-SY, increased surface level indicated a growth of the slurry caused 
by entrapment of generated gases. · 

There are three devices that measure surface level in the tank--two 
conductivity probes and a radar gauge. The automatic conductivity probe 

. (manufactured by Food Instrument Corporation and known as the FIC) is located 
at riser IC. The manual conductivity probe (manual tape) is located at 
riser 17A. The radar gauge, installed during window C, is located at 
riser 13A. 

Both the FIC and the manual tape work on the same principle, described 
here in a simplified··manner. One electrical contact point is made at the 
probe, the other at the tank wall. The circuit is closed when the probe · 
contacts the conductive surface of the waste. The surface level is determined 
by the amount of cable used to lower the probe to the level where the 
electrical contact is made. 

The FIC {LE-101-1) automatically raises to break contact with the waste 
surface, then lowers to a holding position in contact with the waste. This 
raising and lowering of the probe occurs at a preset interval as defined by 
the CASS analysts. For normal operation, the cycle is repeated every 1.5 min; 
for enhanced operation, the cycle repeats every minute. The CASS is capable 
of polling the. FIC for its measurement either at the preset interval or on 
request. The FIC itself does not transmit its reading until polled. The FIC 
can also be operated in a manual mode in the field. 

The manual tape {LLE-FB-101) is lowered manually into the tank until 
contact is made with the surface of the waste crust. The reading is recorded 
on operations log sheets. The minimum frequency for taking manual tape 
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readings is set by the Waste Storage Tank and Leak Detection Criteria document 
(WHC-SD-WM-TI-357). Both the FIC and manual tape measurements are required 
daily. Generally, if the FIC is out-of-service, th~ frequency of manual tape 
readings is increased. 

Several nonintrusive (noncontact) methods to determine the surface level 
have been considered as supplements to or replacements for the FIC and manual 
tape. An Enraf Nonius Model 872 Radar Gauge, manufactured in the Netherlands, 
was installed on the tank during window C. It is intrinsically safe and 
appears to be accurate (±2 mm [±0 .·os in.]). It averages the level over an · 
area of the crust surface. 

Readings from the radar gauge are shown on a digital LED display, located 
in the 241-SY-271 (271-SY) instrument building. The radar gauge is still in a 
test mode and readings are manually recorded on test data sheets by operators. 

3.2 TEMPERATURE MEASUREMENTS 

The temperature of the waste is obtained from a single thermocouple (T/C} 
tree located at riser 4A. Eighteen type J thermocouples are bonded to a pipe 
that is located in a 4-in.-diameter riser. Thermocouple I is the lowest 
thermocouple in the tank, with higher numbered thermocouples higher in the 
tank. Thermocou·ple 17 is near the surface of the waste and thermocouple 18 is 
in the tank dome space above the waste. Table 3-1 provides the height of the 

. thermocouples in the tank. Photographs taken in the tank show that the 
thermocouple tree is slightly bent, so the heights given are not necessarily 
precise. 

From the thermocouple tree in the tank, thermocouple wire is run through 
two junction boxes to an IS-position selector switch (SS-101-1) located in the 
271-SY instrument building. The thermocouples are read manually using a hand 
held digital thermocouple reading device. These readings are recorded onto 
log sheets, either daily, once a shift, or hourly, as directed by Process 
Memo. They have traditionally provided a record of the daily temperatures at 
the various heights in the tank. A parallel connection has been made from the 
thermocouple wires to a Wavetek data logger, also located in the 
271-SY instrument building. Information about the Wavetek data logger can be 
found in WHC-SD-WM-PLN-018, Rev. 0 (Lechelt 1991). 

In addition to the thermocouples in the tank space, a thermocouple and 
temperature transmitter are located in the ventilation header space. The 
ventilation temperature data are logged to a Hewlett-Packard data logger 

· located in the Gas Monitoring System (GMS) shelter. WHC-SD-WM-PLN-018 
contains information about the Hewlett-Packard data logger. 

3.3 GAS COMPOSITION 

Gas composition is determined by a number of methods. Some are used on a 
continual basis and some are used only when an event is thought to be imminent 
until sometime after the event. The devices and systems used are discussed 
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Table 3-1. Tank 241-SY-101 Thermocouple 
Numbers and Locations. 

Thermocouple Instrument Nominal height from 
number number tank bottom 

T/C l TE-101-37 4 in. 
T/C 2 TE-101-38 28 in. 
T/C 3 TE-101-39 52 in. 
T/C 4 TE-101-40 76 in. 
T/C 5 TE-101-41 100 in. 

--r /C 6 TE-101-42 124 in. 
T/C 7 TE-101-43 148 in. 
T/C 8 TE-101-44 172 in. 

T/C 9 TE-101-45 196 in. 
T/C 10 TE-101-46 220 in. 
T/C 11 TE-101-47 244 in. 
T/C 12 TE-101-48 268 in. 
T/C 13 TE-101-49 292 in. 
T/C 14 TE-101-50 316 in. 
T/C 15 TE-101-51 340 in. 

' T/C 16 TE-101-52 364 in. 
T/C 17 TE-101-53 412 in. 
T/C 18 TE-101-54 460 in. 

briefly below. Table 3-2 is added for reference. Under the heading "Status," 
Online ~ndicates the system is online at all times; Event Only indicates the 
system is placed into service to monitor for the event .. 

The Teledyne hydrogen monitor is located at the ventilation header and 
monitors for combustible gas in the ventilation system. The monitor 
determines hydrogen based on thermal conductivity. The monitor provides 
continuous output to a strip chart recorder and the Wavetek data logger. 

Grab samples are taken at intervals determined by a Process Memo prepared 
before each event. They are analyzed in the 300 Area laboratory (mass · 
spectrometer) and provide information about the gas composition. The samples 
are taken from a port in the ventilation line. The ventilation line port also 
feeds two gas chromatographs (one for hydrogen only, the second for other 
gases), the cryogenic sampler and an ammonia system. These instruments are 
installed on the tank farm when an event is nearing. 

· 3-3 
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Table 3-2. Tank 241-SY-101 Gas Monitoring and Analysis. 

Instrument Location 
Cycle Tlme [Event Cycle Tlme Shown 

Gae Components Analyzed Status 
in Bracket•] 

Gas Monitoring Sy•tem Riser 17B, Near 6 minute• N2,o2,H2o,co2,N20, On-line 
Ma•-Spec Cruet Probe Ar, H2, Other G111e• 

Gas Monitoring System Ri•er 17B, Near 5 minute•, Normal Rate H2 (Vol %1 On-line 
Hydrogen Monitor Cruet Probe 10 second•, Fe•t Rate; [Fa•t rate 

•tart• on increased pre•aure and/or 
hydrogen) 

Gaa Monitoring System Ri•er 22A, Upper 6 minute•, Normal Rate H2 (Vol %1 On-line 
Hydrogen Monitor Dome Space Probe 10 second•, Fa•t Rate; [Fa•t rate 

•tart• on increased pressure and/or 
hydrogen) 

Standard Hydrogen Riser 16A, Near Continuous; Strip Chart H2 (Vol%) On-line 
Monitoring Sy•tem Cruat Probe 

Standard Hydrogen Ri•er 16A, Near Continuou•; Strip Chart H2 (ppm) On-line 
Monitoring System Probe 

Teledyne Hydrogen Vent Header 1 15 seconds, 1 minute, or 10 minutes; H2 On-line 
Monitor (Set to 16 second• in anticipation of 

the event] 

Grab Sample• (Off-line Vent Header 1 (Sample rate •et by Proce•• Memo.] N2, o2• CO2, N20. Ar, H2• Event and 
Gas Analy• i•) He, CO, CH4, NOx B11•eline 

Gas Chromatograph• Vent Header1 14 minute end 16 minute cycle time•; 1 - H 2 specific Event 
(21 installed in prap11r11tion for an event.I 1 - Other gases (N 2, o2, Only 

CO2, N20, Ar, H2, He, CO, 
CH4 , NOxl 

Organic Vapor Monitor Stack, Tank Farm (Install approx. 1 week bafore event; NH3• Organics Event 
cycle time •et to 1 minute) Only 

1 The vent header ga• •• mple port location i11 Ju•t upstream of the p•ychrometric port. • 

The organic vapor monitor (OVM) is installed at the SY Tank Farm stack by 
the Personal Protective Equipment (PPE) approximately l week before the 
anticipated event. It is a nonspecific monitor, but indicates ammonia. The 
reading~ appear to correlate well with Drager tube sampling, which are used at 
the stack to indicate ammonia. 

A GMS was installed as a temporary system in April 1991. The gas is 
taken from vapor space sampling tubes located at three levels below riser 17B. 
The system instrumentation is housed in an instrument shelter on the SY Tank 
Farm near the riser. The GMS comprises three main subsystems: 
(1) a molecular mass spectrometer (MMS) which analyzes the gas for its 
components with atomic mass units (AMS) between 2 and 50, (2) a hydrogen {in 
vol%) monitoring unit, and (3) a differential pressure transmitter. The 
differential pressure transmitter ii discussed in Section 3.4. · 

The sample tubing runs from the riser location to the instrument shelter. 
A gas sample is drawn into the tubing and analyzed by the MMS and the hydrogen 
monitor. The MMS communicates with a personal computer located in the 
shelter. Data are then transmitted as an ASCII file over an RS-232 line to 
the Hewlett-Packard (GMS) data logger. The hydrogen monitor provides a 4 to 
20 milliamp (mA) current loop signal, which corresponds to Oto 50 percent. 
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The data are transmitted to the Hewlett-Packard data logger .. The data logger 
is discussed in WHC-SD-WM-PLN-018 (Lechelt 1991). 

' 1.,-1' ; , 

Three additional hydrogen monitors were added to the tank within the past 
year. A second electrochemical cell (Whittaker) was added to sample from the 
gas probes in Riser 22A. Currently it is set to draw gas from the uppermost 
probe. The data from this device are recorded by the Hewlett-Packard data 
logger, which is part of the GMS. 

The Standard Hydrogen Monitoring System (SHMS) is composed of an 
electrochemical cell (Whittaker) hydrogen monitor and a metal oxide 
semiconductor (MOS) hydrogen monitor. One is in place at Riser 16A and draws 
from the lowest gas probe. The data are recorded on a strip chart. 

3.4 TANK PRESSURE 

Two different pressure sensors are used on the tank. Pressure 
transmitter PT-101-1 monitors pressure at riser 118. A pressure to current 
converter converts 3 to 15 lb/in. 2 to 4 to 20 mA current signal, corresponding 
to -4 to 6 in. water gauge (w.g.). This current signal provides input to a 
Chessel strip chart recorder located in the 271-SY instrument building. 
Digital readout is available and is recorded on log sheets, if required. The 
4- to 20-mA signal to the Chessel recorder is dropped across a 150-ohm 
resistor in series with a 100-ohm resistor, providing a 0.6 to 3 VDC output to 
the Wavetek data logger. 

The other differential pressure transmitter is located at riser 178. The 
output signal is 4 to 20 mA, corresponding·to -5 to +20 in. w.g. The current 
loop signal is dropped across a 250-ohm resistor, yielding a 1 to 5 VDC input 
to the Hewlett-Packard data logger. Information about both data loggers is 
found in WHC-SD-WM-PLN-018. 

3.5 VENTILATION FLOW RATE 

The flow rate in the ventilation header is measured by'a Voluprobe flow 
rate meter. The device transmits a 4- to 20-mA current loop signal to the 
Chessel strip chart recorder. The signal corresponds to Oto 1200 cubic feet 
per minute (ft3/min) of flow. This signal is dropped across a 150-ohm 
resistor in series with a 100-ohm resistor to provide an output signal to the 
Wavetek data logger of 0.6 to 3 VDC. -

A second, high-range flow transmitter is connected to a strip chart 
recorder. Its main purpose is to be able to monitor the flow during a gas 
venting, when the flow rate may approach or exceed 1200 ft3/min .. · 

3.6 RELATIVE HUMIDITY 

A single relative humidity probe is installed in the ventilation header 
of tank 101-SY. The 4- to 20-mA output signal corresponds to Oto 100 percent 
relative humidity. The current loop signal is dropped across a 250-ohm 
resistor, yielding a 1- to S-~91~ input tot~~ Hewlett-Packard data logger . 

. ;,. .. ; -· .. - ' 
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3.7 ACOUSTIC NOISE 

Acoustic noise is no longer being monitored on tank 101-SY. Before 
event Bin February 1991, an acoustic monitoring system was installed on the 
tank in a test mode. Microphones were positioned at three heights in the tank 
annular space. The output signals were recorded on a strip chart and by a 
videotape recorder used in an audio only mode. These devices were located in 
a small building, commonly known as the "acoustic monitoring shack, 11 outside 
the fence at SY Tank Farm. The shack, which has no climate control, also 
houses the Hewlett-Packard data logger. 

After testing the system for several months, including during both 
events Band C, it appears that the system will not accurately predict an 
impending gas venting or provide useful data on the actual event. The system 
was powered down and removed from the acoustic monitoring shack several days 
after event C. Future monitoring of this type is not currently planned. 

3.8 VIDEO IMAGES 

A color TV camera and lights were installed at riser 5A on May 19, 1991, 
following event C. The camera failed within the first few weeks after 
installation from radiation damage. It was removed from riser 5A, but the 
lights were left in place. Before the end of window C, a radiation-hardened 
black-and-white camera and lights were installed in riser 5B. The second set 
of lights has enhanced the ability of the camera to provide clear images of 
the tank interior. 

Equipment associated with the camera is located in a small climate 
controlled trailer outside the fence of the SY Tank Farm. The trailer houses 
the pan and tilt camera controls, a video record/playback unit and a unit 
which prints still pictures from the video tape. The videotapes are the 
1/2-in. VHS format. A nitrogen purge system ensures that an accidental spark 
from the camera does,not ignite any flammable gas inside the tank. 

The camera can be run at normal speed, or can be set at varying intervals 
to perform time-lapse photography. Videotapes are removed from the video 
tr~iler and copies are made and distributed as required. Copies of the tapes 
are made by Audio Visual Services. Copies can be checked out of the Tank Farm 
Information Center (TFIC). 

The camera has been used in tank 101-SY to record GREs. More recently, 
the camera has been used to record event G and 'is currently used to monitor 
and record in-tank activities during window G. The camera will remain in the 
tank to monitor mitigation activities. 

3.9 COMPUTER SYSTEMS USED IN DATA ACQUISITION 

Tank 101-SY has four main computer systems associated with data 
acquisition. Two are used for all tank farms, while the other two are 
specific for tank 101-SY. A description of the data acquisition system, 
archiving, and data analysis and reporting is given in WHC-SD-WM-PLN-018, 
Rev. 0 (Lechelt 1991). 
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3.10 DATA REQUIREMENTS FROM TANK MEASUREMENTS 

The data obtained from ·the various monitoring systems are require,q for 
several reasons. More data are needed to better understand the tank behavior 
(i.e., before, during, .and after an event.) Understanding the tank contents 
and behavior will be useful in predicting future events and in planning -for 
remediation~ While much is still unknown about the causes of the tan·k: 
behavior, review and analysis of available data ~ill allow work to be· 
performe_d on the tank during the· safety window fo 11 owing an event. 

For the purpose of this document, data for tank io1~sv ~re divided into 
four categories, defined by the need for the data. Table 3-3 provides:: a 
listing of each type of data currently available. -The table indicates_!the 
·categories to which each type of data belong. Some fuonitoring systemsjprovide 
data that can be described as experimental (i.e., what the data will show and 
whether it will be helpful are unknown). These data types are placed jn the 
category most likely to apply. The categories correspond to the column 
headings in the table. · · 

• Data needed to meet OSRs, Operation Specification bocuments (OSD), 
or other requirements or procedures. This includes data tak~n for 
trending and historical purposes. · 

' .., 

• Data n·eeded to predict future events. This ·includes historital data 
on past events and the data taken since .-the most recent event. 

' ' . . 

• Data needed to understand or report the gas release event (GRE}. 
This includes the data needed to determine physical and chemjcal 
changes in the contents of the waste or gases. Also included are 
the data used to declare a window open following an event. 

• Data needed to determine whether the tank parameters are inside the 
safety window. Data in this category are monitored after the event 
(during the window) to ensure that tank·:·parameters remain within the 
crtteria established to allow work to proceed on the tank. · 
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Table 3-3. Data Parameter Requirements. 
Data Category: Meet OSR/OSD or Predict Understand/ Parameters 

Parameter: other require~ehts future report inside 
or pr·ocedures events events window 

Temperature 18 T/C Tree Data Sheets Yes No No No 

Temperature 18 T/C Tree Wavetek Data Logger No Yes Yes Yes 

Temperature 1 T/C in Ventilation Header HP No No Yes No 
Data Logger 

Surface Level FIC CASS Computer Yes Yes Yes Yes 

Surface Level FIC Data Sheets Yes No No No 

Surface Level Manual Tape Data Sheets Yes No Yes No 

Surface L~vel Radar Gauge Data Sheets No TBD Yes TBD 

Gas Composition Gas Chromatograph - H2 No No Yes No 
Laboratory 

Gas Composition Gas Chromatograph - Other No No Yes No 
Laboratory 

Gas Composition Mass Spectrometer Laboratory No No Yes No 

Gas Composition Cryogenic Laboratory No No Yes No 

Gas Composition GMS - Hydrogen Monitor Data No No Yes No 
Logger 

Gas Composition_GMS - Mass Spectrometer Data No No 
,. 

Yes No 
Logger 

0 Gas Composition Organic Vapor Monitor Data No No Yes No 
Logger - Gas Composition Drager Tubes Laboratory No No Yes No 

Gas Composition Anmonia Bubbler Laboratory No No Yes No 

Gas Composition \eledyne Hydrogen Monitor Yes No No No 
Data Sheets 

Gas Composition Teledyne Hydrogen Monitor No No Yes No 
Data Logger 

.,,, 

Pressure Pressure Gauge Strip Chart Yes No Yes No 

Pressure Pressure Gauge Data Logger No No Yes No 

Pressure Pressure Gauge Data Sheets Yes No No No 

Pressure GMS - Pressure Gauge Data Logger No No Yes No 

Flow, Low Range Flow Meter Strip Chart Yes No Yes No 

Flow,· Low Range Flow Meter Data Sheets Yes No No No 

Flow, Low Range Flow Meter Data Logger No No Yes No 

Flow, High Range Flow Meter Strip Chart No ·No Yes No 

Ventilation System Relative Hurni di ty Data No Yes Yes No 
Logger 

Acoustic Noise Microphones Strip Chart/Audio No No No No 
Tape 

TV Camera Video Tape Installation No TBD TBD No 
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While these methods do agree well with the concentration of hydrogen in 
the vapor space, the hydrogen monitors cannot estimate the gas composition. 
The gas composition is estimated by the mass spectrometer samples. Two 
different mass spectrometer instruments are being used. Grab samples were 
taken and sent to Pacific Northwest Laboratory (PNL) for high-resolution mass 
spectrometer analysis~ The online mass spectrometer measures gases at near 
real time from the sample port about 18 in. above the waste. 

Based on the online mass spectrometer analyses, the composition of vented 
gas was estimated. To do this, only the gas samples that had over 1 percent 
hydrogen were considered to ensure that the vent gas would be in larger 
quantities and the analysis would be more accurate. Because of the greater 
dilution in the ventilation system, none of the grab samples indicated greater 
than 1 percent hydrogen. Therefore, these samples are too dilute to yield 
meaningful gas compositions, and the online mass spectrometer was used for the 
May 1991 event gas composition estimates. 

The following is the gas composition estimated from the data for the 
waste. 

Estimated Gas Composition 

15.4% 
17. 7% 
57.7% 

9.1% 
.1% 

It should be pointed out that the water may not be measured accurately 
with the online mass spectrometer. The mass spectrometer is not kept at the M 

same temperature as the tank head space so the water may condense. Also, the 
moisture may represent some water that was evaporated into the ventilation air ,. • 
when the air came in·~ontact with the waste. 

The gas composition determined by the online system (August 1990 event) 
is different compared to that obtained for the gas from the gas sampler 
(d~scribed later). Ongoing work at W~stinghouse Hanford Company {Westinghouse 
Hanford) and PNL to try to improve the understanding of the released gases, is 
discussed in the evaluation report for the event (Erhart 1991b). 

4.6 GAS RELEASE EVENT OF AUGUST 1991 

During the period of August 26 to 29, 1991, tank 241-SY-101 exhibited 
some of the characteristics associated with a GRE. This event appeared t·o be 
similar to the events in August 1990 and February 1991. There was a small 
increase in tank pressure and hydrogen concentration. The temperature profile 
did not exhibit a full reversal. The surface level drop was a total of 6 in. 
over a 4-day period. 

4-10 
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The online mass spectrometer peaked at 0.5% hydrogen and the Whittaker 
unit monitoring the tank dome space recorded 0.38 percent. The temperature 
data indicated that the waste turned over slightly during this event. Details 
of this GRE are given in Erhart (1992a). 

4.7 GAS RELEASE FOR DECEMBER 1991 

This event displayed the largest surface-level drop (13 in.). The 
release of gas pressurized the tank vapor space to +6.84 in. w.g. The tank 
was at above atmospheric pressure for about 2.8 minutes and exceeded the 
Operational Safety Limit of 5.0 in. w.g. No release of radioactive material 
was reported. 

The maximum hydrogen (H) concentration detected in the tank was 
5.3 vol%.• Details of this GRE are described elsewhere (Erhart 1992b). 

4.8 GAS RELEASE CHARACTERIZATION 

4.8.l Amount of Gas Released in an Event 

Table 4-1 ~lso lists the total amount of gas released in various events. 
The total amount of gas released can be calculated using the estimates of gas 
composition, the ventilation flow rate, and the hydrogen release profiles. 
The released gas volume can also be calculated from the change in surface 
level of the tank. Assuming that the entire surface of the tank waste moves 
in a uni form manner during an event and that. the gas behaves as an idea 1 gas, 
the volume of gas was calculated for two cases: (1) gas trapped underneath 
250 in. of waste, and (2) gas trapped underneath 400 in. of wa~te. The 
specific gravities of the waste for these two cases were calculated from the 
101-SY core sample analyses (Tingey 1992). These gas volume calculations are 
in general agreement-with those from Barker (1991)~--

4.8.2 Current Understanding of the Gas Composition 

Since 1990, there have been 345 mass spectrometer analyses of grab 
samples from 101-SY. These samples are from the ventilation line. A few of 
the data points are from INEL but the bulk have been analyzed by PNL. These 
mass spectrometer analyses do not report on any condensible gases such as 
water vapor and ammonia. These samples represent samples before, during, and 
after several GREs. 
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The best estimate based on this information is the following: 

Component 
Hydrogen (H ) 
Nitrous Oxiae (N20) 
Nitrogen (N2) 

Ammonia (NH3 ) 

Water Vapor (H20) 

· Mole% 
31 
26 
35 
4 
4 

There were 100 grab'samples that had a reported value for hydrogen. The 
gas composition was calculated using those samples which had hydrogen greater 
than 0.5%. This represented 29 samples. The other samples were more dilute. 
The Ha_ to N20 ratio is of particular interest. The av·erage va 1 ue for this is 
0.85 tor the samples greater than 0.5% H. Below this value, the trend is 
toward higher ratios. For the purpose o} safety analysis, however, the 
0.85 value should be used as it represents the gas that is released 
immediately. This ratio is the most constant and invariate data from the 
tank. The ratio remains the same for a number of GREs. 

The condensible gases were not measured in the grab sample data. Ammonia 
and water are known to be present. Their compositions were estimated on the 
basis of limited data. 

The measured relative compositions of hydrogen, nitrogen, and nitrous 
oxide in the 29 samples with >0.5% hydrogen are shown in Figure 4-7. 

4.9 VISUAL OBSERVATIONS 

Motion pictures of the upper crust surface during gas venting episodes 
show that much of the surface flows laterally away from the gas disengaging 
region. Floating solids can be seen to move away from the venting area during 
the vent, and then slowly migrate back towards their original position after 
venting is complete. Following a venting episode, the affected area reflects 
light like a liquid surface. Also, bubbles can be observed breaking the 
surface. With time, the slurry surface becomes less reflective, which is 
consistent with drying at the surface. 

Scans of the tank surface show the presence of solid-appearing regions 
with a surface showing numerous ridges and valleys. Some of these regions 
have persisted over the time they have been observed (-1 yr) and have been 

· relatively unaffected by the several venting events that have taken place 
during the past year. 

Motion pictures taken during sampling activities show the presence of 
solid and fluid-like crust. The sludge weight sampler (Herting et al. 1992a) 
was able to penetrate only slightly into dry crust, but became totally 
submerged in wet crust. Also~ when an auger sampler was lowered into wet 
crust, it penetrated it easily. The outside tube containing the auger moved 
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in a concentric motion·, and this caused the crust to move in a way similar to 
cooked oatmeal. In dry crust the auger tube easily penetrated without 
depressing surrounding surface elements. 

Video pictures taken during core sampling of waste show surface puddling 
of water that had been added before the drill- string started to penetrate. 
After 2 hours, this water appeared to sink into the crust. When additional 

-water was added, via the drill string, it did not puddle and disappeared below 
the dril 1. 

The top surface had become porous enough that more-water easily flowed on 
through. This implies that the dried top surface provides some resistance to 
water fl ow, but_ not for the layers underneath. 

4-14 
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5.0 CORE SAMPLING DATA REQUIREMENTS 

Extruded segments of waste, about 48 cm {19 in.) in length, will be 
supplied by the core drilling operation. The waste in 101-SY has crust that 
lies on top of a slurry/sludge.· It is anticipated that there may be several 
distinct layers, or strata, in the slurry and sludge and at least two layers 
in the crust. To ensure that representative samples are obtained from the 
various layers, WHC-SD-WM-TP-090, Rev. 2, Analytical Chemistry Plan for Tank 
241-SY-101 Core Sample, {Herting 1991), has been prepared for the handling and 
sample breakdown of the extruded segments. 

Tank 101-SY waste must be sampled to gain further understanding of the 
waste and gas generation within the tank waste. The waste sampling plan has 
been structured to meet the requirements of Engineered Remedies and Safety as 
well as supply information to support activities for the Tri-Party Agreement. 
Information is required both on the nature of the crust as well as slurry. 
The data needed are the following: 

Crust: 

• Types of compounds present 

- -Reaction potential {exothermic?) 
- Flammability 
- Toxicological properties 

• Particle size of solids 

• Dissolution behavior of crust 

• Density. 

_Slurry: 

• Chemical compounds and solubility 

• Density 

• Gas content 

• Flammability 

• Heat sensitivity 

• Viscosity and shear strength. 

The data requests for safety, modeling, and engineered remedies tasks are 
listed in Table 5-1. It should be pointed out, however, that this list 
represents a wish list for tests and analyses~ and not all of them can be 
carried out within the current laboratory capabilities. 

5-1 
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Table 5-1. Analytical Data Requests for Safety, Modeling, 
and Engineered Remedies. 

. 

Analysis 
Crust 

Chemical composition X 

Radiochemical composition X 

Bulk density X 

Liquid density -
Reactivity X 

Depth of region X 

Compressive strength X 

Penetration resistance X 

Dissolution properties X 

Volume and weight percent settled solids -

Volume and weight percent centrifuged solids -
Solids settling rate -
Thermal conductivity X 

Bulk heat capacity X 

Shear strength -
Shear stress vs. shear rate rheogram (viscosity) -
Cohesiveness -
Abrasive behavior (Miller number) -
Liquid viscosity -
Liquid surface tension -
Particle wetability (e.g., contact angle) -
Polarized light microscopy (particle morphology) X 

Particle size distribution X 

Gas generation rate and composition -
8 Region of waste in the tank 
bConvect-ive region (mainly Liquid) 
cNonconvective region (mainly solids including. sludge). 
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6.0 CORE SAMPLE ANALYSIS RESULTS 

6.1 PREVIOUS DATA 

The available records indicate that the first sampling and analysis of 
tank 141-SV-101 total contents were performed in 1986 (Mauss 1986). Three 
samples were obtained, one each from the top (sample number R-6395) and the 
bottom (sample number R-6394), using the dip bottle-on-a-string method. The 
analyses of the samples included physical and chemical analyses, x-ray 
diffraction (XRD) analysis, x-ray fluorescent (XRF) analysis, viscosity, and 
percent solids determination. 

The top sample was a slurry with approximately 45 percent settled solids 
which were dark gray and fine {clay-like) in appearance. The supernatant was 
clear yellow. The middle sample was a murky, brownish-gray slurry. When 
centrifuged, the supernatant was greenish-yellow and the solids were fine and 
brownish-gray. The bottom sample was thick (sludgy), with no settled solids. 
The sample was a green-gray color. 

The top sample analyses indicated that the solids are composed primarily 
of organic carbon and aluminum; carbonate was present also. The slurry 
analyses also showed the top sample to be nontransuranic {non-TRU) waste. 

The middle sample results showed the separated solids are composed of 
aluminum (probably NaAlO~ and Al{OH) 3), nitrate (NaN03), and organic carbon. 
Sodium phosphate and sodium sulfate also are present in small amounts. The 
middle slurry was non-TRU {13 µCi/g). The bottom sample only had the total 
slurry analyzed. Again, the sample was found to be non-TRU {11 µCl/g). 

The solids were analyzed by polarized light microscopy, and by XRF and 
XRD. 

An x-ray analysis was performed on the water .. "i-nsoluble and acid insoluble 
solids. The presence of aluminum hydroxide [Al{OH)1] indicates the water · 
dilution caused the phase boundary to be crossed. lhis was because of the 
reduction in the sodium hydroxide {NaOH) concentration caused by the dilution. 

Viscosity data {shear diagrams) were obtained on each slurry sample and a 
50:50 dilution of the top sample using a rotational viscometer. In all cases, 
the samples exhibited pseudoplastic behavior. The viscosity increased as the 
depth of the sample increased. The 50:50 dilution of the middle sample 
decreased the viscosity significantly. 

6.2 CURRENT SAMPLING DATA 

Shortly after the October 24, 1990 GRE {window A), crust samples were 
obtained using the core sampler, auger, and modified sludge weight sampler. 
The samples were analyzed and the analytical results were published by 
Herting {1992). 

Following the May 16, 1991 gas-release event {window C), a full-core 
sample (22 segments) was taken of the waste slurry extending from the surface 
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of the waste to approximately 2 in. from the bottom of tank 101-SY on May 22 
to 26. A three-segment core of the tank bottom region was taken on June 4, 
1991 to complete the core sampling activity. Both core samples were taken 
through riser 22A. All the core segments were delivered to the laboratory, 
for core extrusion, observation, breakdown, and analysis according to test 
plans. The associated activities and the analytical ·results were reported in 
Herting et al. (1992a). Although Herting et al. interpreted the analytical 
results from the core samples to some degree, additional interpretation was 
provided by Reynolds (1992). This document summarizes the analytical data and 
interpretation from the above documents. More recently, a full core sample 
was also taken following the December 4, 1991, GRE (window E), which was one 
of the more vigorous GREs to date. Similar to the window C samples, the 
window E samples were analyzed and the analytical results reported 
(Herting et al. 1992b). Although preliminary data interpretation was made and 
reported, a more thorough review and interpretation of the results is still 
pending. Therefore, the results from the window E core sample analyses will 
be reported in future documents. 

Eight crust samples and 26 core-segment samples were taken from 
tank 101-SY during window C. More than 2,000 analytical determinations have 
been made on the samples. 

6.2.l Analytical Data on Crust Samples 

The following is the summary of the analytical data and interpretation on 
the crust samples. The discussion includes both window A and window C data. 

An important component of crust, from a safety evaluation perspective, is 
the percent moisture. The majority of the crust samples appeared wet. The 
remaining were harder and drier. This indicates that the crust is not uniform 
throughout the tank. Based on the analysis, the crust samples can be divided 
into three groups. 

The first group of samples is dry containing 10 to. 19 percent moisture. 
The second group contains between 20 and 29 percent moisture, with the third 
group containing greater than 30 percent moisture. 

The first group of samples was definitely solids .. In each case the 
sample was obtained from an object that is suspended in air (plummets or 
cables). The object was coated with waste and then air dried in the tank. 
The samples essentially were dry flakes but still.contained 10 percent 
moisture. This perhaps indicates that the waste dries to an equilibrium 

· moisture of 10 percent within the tank dome air. 

The second group of crust sampl~s (20 to 29 percent moisture)·was more 
solid than fluid. The samples held their shape until crushed. Not all the 
samples were hard. There was a certain amount of stickiness associated with 
the samples. 

The third group of samples {>30 percent moisture) was closer to being fluids 
than solids. 

6-2 
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Calorimetry 

Organics in the crust may react with the nitrate or nitrite in the crust 
and produce heat as well as gas. The energetics of the crust reaction have 
been studied (Herting et al. 1992a) and the data used in the analysis of the 
potential for crust combustion in case of a flammable gas burn in the tank 
(Fox et al. 1992). 

The amount of organics present in the crust samples was fairly constant 
and ranged from 1.5 to 2.2 wt%. There seems to be a general agreement between 
the reactions and the total organic carbon values. It should be pointed out,· 
however, that the exotherms start at high temperatures. The lowest exotherm 
measured was at 193 °C (379 °F)·which is well above the operating temperature 
of tank 101-SY, and the temperatures to which the wastes will be subjected to 
during waste processing operations. When the crust sample was heated to 
500 °C (930 °F), about 89 percent of the solids still remained after the 
possible presence of inerts in the sample. Such inerts will dampen a reaction 
by absorbing the heat and keeping the reacting chemicals apart. 

o Crust Composition, 
C) -

C 

The solid component of the crust is primarily composed of solid 
components of the sodium nitrate and sodium nitrite. Appreciable amounts of 
sodium aluminates and sodium carbonates are present. The sodium carbonate 
that was identified· by microscopy is the monohydrate. The monohydrate form 
will ascertain that there is some residual moisture in the crust under the 
drying conditions in the tank. 

Crust Thickness 

The minimum thickness of the crust at riser location 22A is 4 in. as 
represented by the waste captured in Segment 2. The maximum thickness was 
assumed to be 38 in. because of the nearly empty Segments 2 and 3. The core 
samples measurements·did not yield any definitive-thickness values. 

°' 6.2.2 Physical Properties of Core 

Density 

A knowledge of densities is important in understanding how the tank 
stratifies and rolls over. Bulk densities of the extruded segments were 
measured by weighing and dividing by the core sampler volume. This 
measurement was based on an inappropriate assumption that the sampler was 
completely full of sample. 

In addition, six segments (Tingey 1992) had densities measured by 
measuring the volume and weight of core samples at four temperatures, viz., 
32°, 50°, 65°, and 80° C. The measured density at 32 °C is compared with the 
extruded bulk density, which was obtained at about the same temperature (refer 
to Table 6-1.) 

:;~,..3 
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Table 6-1. Comparison of Measured Density 
with Extruded Bulk Density. 

Segments Extruded Bulk Density Measured Density 

4 I.SO 1.50 

8 1.45 1.53 

13 1.57 1.44 

15 1.63 1.67 

19 1.60 1.68 

. 22_ 1.55 1. 71 

Table 6-1 shows that the measured densities, with one exception, are 
greater than the extruded bulk densities. The data indicate that the density 
of these samples is independent of temperature. The density of centrifuged 
solids for the segments, however, appears to be a function of temperature. 
The density at 80 °C is significantly higher than at low temperatures in most. 
cases. 

A statistical test was performed on the density measurement of all the 
segments by applying the honest significant interval method. In this method, 
an interval, similar to a standard deviation, is displayed with the mean. If 
two intervals overlap, then it is assumed that there is no difference in the 
measurements. The results of this method, illustrated· in Figure 6-1, clearly 
indicate a density difference between the convective and the nonconvective 
zones (Reynolds 1992). ~ 

The method also indicates that even within the supernate density data 
(Figure 6-2) there is.,a general trend for the density to be higher at the 
bottom than at the top. This means that in the lower regions the supernate 
has more dissolved solids. 

Tne interval plot (Figure 6-3) for the solids density shows that the 
solids in the convective zone are denser. There is an overlap of the 
intervals but the trend appears to be certain. 

Core sample materials were centrifuged to determine the compaction 
potential of the solids. Typical measured densities of the centrifuged solids 
component of core sample from the nonconvective slurry region (i.e., the 
liquid-solid mixture containing essentially all of the solid material after 
centrifuging) were approximately 1.8 gm/ml. The typical density of the 
supernatant liquid was 1.46 gm/ml. · -

Viscosity 

Viscosity of the waste is important to the understanding of the tank 
behavior. 
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Figure 6-2. 
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The material from the convective zone is typified by Segment 8. This 
material was used in the viscosity study. The viscosity was taken at four 
different temperatures which bracket the temperatures in the tank. The 
viscosity was taken at various shear rates at these ·temperatures. Figure 6-4 
shows how the viscosity varies with the temperature and shear rate. 

The material showed essentially a Newtonian behavior. There was only a 
modest shear needed to start the fluid moving. The flat curves indicate that 
the shear rate did not affect the viscosity. The viscosity did not vary when 
the shear rate was increasing or decreasing. 

The viscosity of the convective zone is plotted in Figure 6-5. The 
viscosity decreases sharply until approximately 60 °C, where the curve 
flattens out. The material has a viscosity of about 30 centipoise at a 
typical slurry temperature of 50 °C, and about 10 centipoise above 60 °C. The 
latter is approximately the viscosity of antifreeze. 

Shear Strength 

Shear strength was measured on selected segments. The shear strength 
measurement uses a cruciform spindle and measures the force needed to rotate 
the spindle. Only the force needed to break the spindle loose is recorded. 
Accurate shear stress measurements typically depend on the sample being in an 
undisturbed state. This is not totally possible on the core samples. 
However, the samples were disturbed as little as possible when put into the 
sample container. The sample container was allowed to sit several weeks for 
any bonds between particles to reform. 

The sample size is such that only four determinations could be made on a 
sample. These were done at different temperatures. There was no duplication 
of runs to see the variation within the same sample. The sample was brought 
to the proper temperature, the shear vane was inserted, and one measurement 
was made. 

Figure 6-6 shows the results of the shear strength analysis for 
Segments 15, 19, and 22, and the crust. Segment 15 is near the top of the 
nonconvective zone. Segment 19 is in the center of the nonconvective zone. 
Segment 22 is at the bottom of the tank. With the exception of Segment 15, 

· the curves show a decrease in shear strength with increasing temperature up to 
65 °C. Then the shear strength shows a slight increase; especially for 
Segment 22. 

The shear strength is about the same for all segments (except 15) and the 
.crust at 65 °C. 

The crust sample from a low-moisture, high-solids region showed the.· 
highest shear strength at temperatures below 65 °C. This is consistent with 
other observations on the crust. The shear strength values may support a 
harder crust at this location. 
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Figure 6-5. Viscosity in the Convective Zone of Tank 241-SY-101 Waste. 
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Figure 6-6. Shear Strength Analysis Results of Tank 241-SY-101 Waste. 
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Solids Percent 

The solids percent of the waste is one of the major differences between 
the convective and nonconvective zones. Solids here mean undissolved solids. 
A nonconvective zone has more undissolved solids than the convective zone. 
The difference between the zones could be seen visually w~en the samples were 
extruded. 

Samples sent to PNL for physical properties analyses were tested for 
solids content. Samples were heated to different temperatures between 32 and 
80 °C, then the settled and centrifuged solid volume was measured. Three 
segments from each of the convective zone and the nonconvective zone were put 
through this test. 

Figure 6-7 displays the convective zone results. 

A similar plot for nonconvective zone is shown in Figure 6-8. The 
nonconvective zone did not show any signs of settling, except at the highest 
temperature. Centrifuging did compact the solids somewhat so that there was 
about 20 percent supernate. The volume of centrifuged solids decreased with 
temperature which indicates that the solids are dissolving. However, notice 
that the weight percent solids dips slightly and then increases. The 
suggested explanation for this is that the solids dissolve as the temperature 
increases and then some other specie reaches saturation and precipitates. 

Solid Particle Size 

Particle size information was obtained as fraction of particles counted 
at each effective diameter. In effect, this is the number of particles in 
each size range. 

The results indicate that the vast majority of the particles are small 
(60 percent are less than I micron). However, while the large particles may 
be almost insignificant in number, they represent the major portion of solids 
mass and volume. 

Microscopic examination of the waste indicates that the larger particles 
are usually sodium nitrate and sodium nitrite. These chemical species are the 
ones which redissolve with heating and dilution. Therefore, these larger 
particles may be important for mitigation schemes. 

The particle size information does not clearly answer whether or not the 
lower zones of the tank have larger particle sizes. Part of the reason may be 
the way the particles were harvested. The centrifuging may have sent the 
larger particles to the bottom of the vial where they were not measured. 
However, a plot of the height of waste in the tank versus largest ~article 
sizes found (Figure 6-9) reveals a trend toward larger particles in the deeper 
segment in spite of a large scatter. The nonconvective zone shows no segments 
with the largest particle less than about 125 microns. The nonconvective zone 
had two segments which showed the largest particles. There is no sharp 
variation in particle size in going from the bottom segments to the top 
segments. 

6-12 



W
HC-EP-0584 

Figure 6-7. 
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Figure 6-8. 
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